The liver levels of HMP shunt dehydrogenases were determined in adult male rats fed for 6 days, after a 6-day protein deprivation, diets containing as their nitrogenous components wheat gluten, or casein or amino acid mixtures simulating the amino acid pattern of these proteins. The gluten diet, in comparison to the casein diet, caused lower activities of HMP shunt dehydrogenases. Amino acid diets failed to display the differential effect observed with the protein diets. The gluten diet, compared to the casein diet and to the amino acid diets, demonstrated the lowest ability to affect HMP shunt dehydrogenases. On the basis of these and previous findings, the presence in the gluten of one or more unknown factors, which repress liver HMP shunt de hydrogenases, was postulated.
In our previous papers it has been shown that liver levels of both hexose monophosphate (HMP) shunt dehydrogenases are higher when casein replaces wheat gluten as the dietary protein component (1) (2) (3) .
This differential inductive capacity is not to be ascribed to the low nutritive value of wheat gluten nor to its high content in essential fatty acids, since neither amino acid supplements to the gluten diet nor es sential fatty acid additions to the casein diet were able to affect the enzyme re sponse of the liver to either protein ( 3 ) .
The present study was undertaken to ascertain the possible cause of the differen tial inductive capacities of the gluten and casein diets. In this connection we have to state two preliminary considerations.
First (4â€"7),"since all of the essential amino acids must be simultaneously at the site of protein synthesis for an efficient utilization of dietary protein" (7) and since the amino acids from the intestine can exer cise an effect on liver protein synthesis, it is highly probable that the differential in ductive capacities of liver HMP shunt de hydrogenases of the gluten and casein diets may depend upon an optimum of intraand extrahepatocyte stimuli connected to a subtle difference in the concentrations of free amino acids in the portal blood. The blood amino acid concentration in turn may be dependent upon one or more of the following causes: a) the amino acid com position of dietary protein; b) the rate of release of free amino acids from the pro tein during digestion; c) the rates of ab sorption of the amino acids; d) the extent to which the amino acids are metabolized by the intestinal tissue during absorption; e) the rates of removal of the absorbed amino acids from the blood (8) . Secondly, if there is no correlation between the con centrations of the amino acids in the portal plasma and the differential inductive ca pacity of liver HMP shunt dehydrogenases, then the latter differential capacity may depend upon the presence in either gluten or casein of factors other than amino acids, which respectively repress or induce HMP shunt dehydrogenases.
For the sake of the verification of at least some of the above premises, we compared the levels of liver HMP shunt dehydro genases of rats fed diets containing as their nitrogenous source gluten, or casein, or amino acid mixtures simulating the amino acid pattern of the gluten or of the casein.
The rationale of the comparison was as follows: a) if the amino acid pattern of gluten or casein is involved in their differ ential inductive capacity, then the same differences observed with these proteins will also be recorded with amino acid mix tures simulating the amino acid pattern of the proteins; b) if the rate of release of free amino acids from the gluten and ca sein is involved, then the two amino acid diets will give similar enzyme responses and a different response than the protein diets; c) if the rates of absorption of the amino acids, or the extent to which they are metabolized in the intestinal tissue dur ing absorption, or the rates of removal of the absorbed amino acids from the blood are involved, then the amino acid diets will give the same enzyme response as the protein diets; d) if a repressive factor is present in the gluten, the amino acid mix ture simulating the amino acid pattern of the gluten will give the same enzyme re sponse as the amino acid mixture simulat ing the pattern of the casein, but higher than that produced by gluten; e) con versely, if an inducing factor is present in casein, both amino acid mixtures must give an enzyme response lower than that produced by casein.
MATERIALS AND METHODS
Male rats of the Wistar-Glaxo strain fed a commercial diet* from weaning were in dividually caged in a temperature-con trolled room (23Â°). Food and water were always offered ad libitum. The animals were fed a protein-free diet ( 3 ) for 6 days prior to being fed, also for 6 days, one of the diets described in the table 1.
The amino acid composition of gluten and casein was obtained from the data of Watt and Page (9) and the content of amide N in the gluten from the results of Ewart (10) . To avoid the osmotic effect elicited by the amino acid diets the diets were prepared in agar gel ( 11 ) .
The rats were killed by decapitation be tween 9 and 10 AM. The livers were re moved and processed to assay glucose-6-phosphate dehydrogenase (EC 1.1.1.49, G6PD) and 6-phosphogluconate dehydro genase (EC 1.1.1.44, 6PGD) activities at 25Â° (12) , and the protein by the biuret method (13) .
The results were referred to body weight at the end of protein deprivation, and en zyme activities were also related to the protein values.
One enzyme unit was defined as the amount of enzyme which reduced 1 /Â¿mole of NADP under the assay conditions. Tables 1 to 3 show, respectively, the composition of the diets and the pertinent liver levels of HMP shunt dehydrogenases in rats fed the diets. The results confirm our previous reports ( 1-3 ) . The liver levels of the above enzymes were higher in rats fed the casein diet, in comparison with those fed the gluten diet. The amino acidsupplemented gluten diet elicited values of body weight gain, liver size and liver pro tein similar to those of the casein diet but was unable to induce HMP shunt dehy drogenases to the degree found with the casein diet. In other words, the addition of lysine and threonine to the gluten diet, even if it improved its nutritive value when appraised by body weight, liver size and liver protein data, did not produce the HMP shunt dehydrogenases induc tion produced by casein. This means either that the nutritive value of a diet or a pro tein cannot be appraised on the basis of the above parameters, or that the inductive capacity of gluten and casein on HMP shunt dehydrogenases appears to be inde pendent of their essential amino acid content.
RESULTS AND DISCUSSION
This last statement seems applicable to the entire amino acid pattern. The amino acid diets simulating casein and gluten produce not only similar body weight gain, liver size and liver protein, but also, in sharp contrast to the protein diets, the same activities of HMP shunt dehydrogenases. Thus if the differential inductive capacities of gluten and casein diet on the liver HMP shunt dehydrogenases are dependent upon an optimum of intra-and extrahepatocyte stimuli connected with a subtle difference in the concentration of free amino acids in the portal blood, this optimum is inde- Other components added per 100 g of diet: NaHCOi, 1.18 and 0.972 g in the Casein AA diet and in the Gluten AA diet, respec tively. Agar, 3% in HiO, 100 ml.^f i_ /r. . Â» A , -m, ,/-.i AT TÂ¡ pendent of the rates of absorption of the amino acids, of the extent to which they are metabolized in the intestinal tissue during absorption and of the rates of re moval of the absorbed amino acids from the blood. Consequently, the optimum seems to depend only upon the rates of release of free amino acids from gluten or casein during digestion. In other words, the supply of essential and perhaps nonessential nitrogen as amino acids or as protein can exercise an effect on the syn thesis of some liver proteins because the rate of release of free amino acids from the protein during digestion occurs so that all of the essential amino acids can be simul taneously at the site of protein synthesis only for a gross and approximate utiliza tion of dietary protein. Thus the rate of disappearance from the gastrointestinal tract of the same quantity of nitrogen, whether it be an amino acid mixture or protein may be important. Since at present it seems that the rate of disappearance is the same for amino acid mixtures as for proteins other than zein (7), an alternative hypothesis may be the presence in either gluten or casein of factors, other than amino acids, which respectively depress or induce HMP shunt dehydrogenases. Support for this argument ensues from the comparison of tables 2 and 3. It ap pears that liver enzyme levels are higher in rats fed amino acids compared with those of rats fed protein diets. Since food is known to stimulate HMP shunt dehydro genases (14, 15) , the above effect may be ascribed to the higher food consumption of rats fed the amino acid diets. However, although the levels of HMP shunt dehy-drogenases in rats fed amino acid-casein diet were slightly higher in comparison with those observed in rats fed the casein diet (6PGD 8%, G6PD 33%),2 the en zyme levels were markedly higher in rats fed the amino acid-gluten diet in compari son with those fed the gluten diet (6PGD 54%, G6PD171%). 2 In short, in comparison with the amino acid diets the gluten diet has a lower stimulative ability upon liver HMP shunt dehvdrogenases than the casein diet.
Therefore, it seems likely that the differ ent action of these proteins on the liver HMP shunt dehydrogenases cannot be ascribed to a stimulative factor present in casein, but must be caused by one or more factors present in the gluten able to re press liver HMP shunt dehydrogenases. Since neither fatty acids nor other factors known as regulators of HMP shunt de hydrogenases can explain such an effect, it may be supposed, even if direct evidence is still lacking, that the differential effect of gluten and casein upon liver HMP shunt dehydrogenases may be ascribable to one or more factors in gluten which act to re press these enzyme activities.
2From data related to the protein.
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